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(54) Speaker configuration and signal processor for stereo sound reproduction for vehicle and
vehicle having the same

(57) Disclosed are a speaker configuration and a
signal processor for stereo sound reproduction for vehi-
cle and a vehicle having the same that can provide all
of the passengers with a left-right balanced stereo
sound in a vehicle. The object of the invention is to pro-
vide a balanced stereo sound to all passengers in a ve-
hicle. According to the invention to obtain the object, a

speaker configuration for stereo sound reproduction in
a vehicle which has a plurality of speakers installed
therein, the speaker configuration comprises a first
speaker provided in the left of a front central part of the
vehicle for receiving a right channel output; and a sec-
ond speaker provided in the right of the front central part
of the vehicle for receiving a left channel output.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a speaker con-
figuration and a signal processor for stereo sound re-
production for vehicle and a vehicle having the same, in
particular, which can provide all of the passengers with
left-right balanced stereo sound in a vehicle.

2. Description of the Related Art

[0002] FIG. 1A and 1B show arrangements for stereo
sound listening environment using a stereo speaker set.
[0003] As shown in FIG. 1A, when sounds of same
volume are emitted through two speakers 11 and 12 that
are equally distanced from a listener, the listener who is
in a sweet spot region (that is, the optimum listening po-
sition) may feel as if a sound source 13 is positioned at
a center point between speakers 11 and 12. If one of the
speakers 11 and 12 is closer to a listener's position that
is out of sweet spot, the sound source 13 will be felt as
biased thereto as shown in FIG 1B. Therefore, a listener
positioned at the same distance from the stereo speak-
ers 11 and 12 can feel left-right balanced stereo sound
on the line connecting between the speakers. However,
if there are a number of listeners in a certain area, the
balanced stereo sound can be heard to only one(s) po-
sitioned at a vertex of an isoceles triangle opposed to
the base of the triangle or along the line equidistant from
the two speakers 11 and 12 (sweet spot region), and
other listeners feel the sound biased toward a speaker
nearer to them.
[0004] FIG. 2 shows an arrangement for stereo sound
reproduction using a multi-channel speaker set of the
prior art in a car.
[0005] Referring to a speaker arrangement of a car
audio of the prior art as shown in FIG. 2, a driver and
passengers are not positioned in the center even if a
number of speakers (6 to 11) are provided. Therefore,
the listeners cannot feel the balanced stereo sound
since they are not positioned at the equidistant point
from left and right speakers. Also, stereo signals are
generated for optimal reproduction through the right and
left speakers which are arranged at ±30° from the front
direction of the listener, whereas the current speaker ar-
rangement of the car audio as in FIG. 2 simultaneously
reproduces these stereo signals through front and rear
speakers in left and right sides which are asymmetrically
arranged to all of the listeners so that nobody can feel
the balanced stereo sound which can be felt in FIG. 1A.
Therefore, there is a problem that no listeners in the car
can be provided with the balanced stereo sound since
such a speaker arrangement of the car audio of the prior
art simultaneously reproduces the stereo sounds from
the front and rear sides to all of the listeners who are

not in the center position.
[0006] FIG. 3A and FIG. 3B are conceptual views of
signal delay for providing a stereo sound to one person
in a deluxe car of the prior art.
[0007] Here, the concept of signal delay is implement-
ed to provide the stereo sound to only one person such
as a driver or an honored passenger. For ideal stereo
hearing, all speakers are required to be equally dis-
tanced from the listener. Therefore, a circle is drawn with
the listener as the center and the distance to the farthest
speaker as the radius, and then input signals from all
speakers nearer to the listeners than the farthest speak-
er are delayed so that the input signals can be recog-
nized as generated from virtual positions on the circum-
ference of the circle. However, as a problem, this tech-
nology is restricted for only one listener since delay val-
ues cannot be determined for more than one listener.
The indoor sound listening environment of the vehicle
is very inferior in the aspects of reverberation time and
frequency characteristics since sound absorption mate-
rials such as a sheet, reflecting materials such as a win-
dow and various accessories are arranged in a limited
space different from a general auditorium. Therefore, a
reverberation signal processing is essential to improve
such an environment. In order to obtain reverberation
effect as can be actually heard in a hall, the sounds from
front speakers are necessarily added with early reflec-
tions generated from the nearby walls of stage and the
sounds from rear speakers are necessarily added with
a later reverberations generated from the rearward walls
of the hall. However, the current sound reproduction
system of the car audio of the prior art is added with the
same reverberation signal for all speaker channels.

SUMMARY OF THE INVENTION

[0008] The present invention has been proposed to
solve the foregoing problems of the prior art and it is
therefore an object of the present invention to provide a
left-right balanced stereo sound to all passengers in a
vehicle.
[0009] According to the first aspect of the invention to
obtain the object, it is provided a speaker configuration
for stereo sound reproduction in a vehicle which has a
plurality of speakers installed therein, the speaker con-
figuration comprising: a first speaker provided in the left
of a front central part of the vehicle for feeding a right
channel output; and a second speaker provided in the
right of the front central part of the vehicle for feeding a
left channel output.
[0010] In the speaker configuration for stereo sound
reproduction according to the second aspect of the in-
vention, the first speaker and the speaker are arranged
at the height within ±50cm from the hight of the speakers
previously installed in the vehicle.
[0011] In the speaker configuration for stereo sound
reproduction according to the third aspect of the inven-
tion, each of the first and second speakers is a full-range
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speaker for reproducing both of low-frequency and high-
frequency sounds.
[0012] In the speaker configuration for stereo sound
reproduction according to the fourth aspect of the inven-
tion, each of the first and second speakers is a two-way
speaker that is separated into a low-frequency speaker
and a high-frequency speaker.
[0013] In the speaker configuration for stereo sound
reproduction according to the fifth aspect of the inven-
tion, each of the first and second speakers is a coaxial
speaker that is separated into a low-frequency speaker
and a high-frequency speaker, which are coaxially
bound.
[0014] In the speaker configuration for stereo sound
reproduction according to the sixth aspect of the inven-
tion, each of the first and second speakers is a high-
frequency speaker (tweeter).
[0015] In the speaker configuration for stereo sound
reproduction according to the seventh aspect of the in-
vention, the first speaker is oriented toward a left side
of front seat in the vehicle, and the second speaker is
oriented toward a right side of front seat in the vehicle.
[0016] According to the eighth aspect of the invention
to obtain the object, it is provided a signal processor for
stereo sound reproduction, in a vehicle which has a plu-
rality of speakers and a head unit with built-in amplifiers
(hereinafter will be referred to as powered head unit) in-
stalled therein, in use for a speaker configuration includ-
ing a first speaker provided in the left of a front central
part of the vehicle for feeding a right channel output and
a second speaker provided in the right of the front cen-
tral part of the vehicle for feeding a left channel output,
the signal processor comprising: an equalizer for com-
pensating the frequency characteristics of a front left
channel output and a front right channel output supplied
from the powered head unit according to the front speak-
er configuration in the vehicle and the vehicle type; and
a terminal for distributing the left channel outputs as
many as the front speakers for the left side and distrib-
uting the right channel outputs as many as the front
speakers for the right.
[0017] The signal processor for stereo sound repro-
duction according to the ninth aspect of the invention
further comprises a low-frequency pass filter for passing
low-frequency components of a rear left channel output
and a rear right channel output supplied from the pow-
ered head unit while performing a heavy damping in fre-
quency bands beyond the range of the low-frequency
components and outputting the left channel sound via
the rear speaker for the left side and outputting the right
channel sound via the rear speaker for the right side.
[0018] In the signal processor for stereo sound repro-
duction according to the tenth aspect of the invention,
the low-frequency pass filter passes low-frequency
components in the range of 80 to 1000Hz while perform-
ing a heavy damping in frequency bands beyond the
low-frequency range.
[0019] According to the eleventh aspect of the inven-

tion to obtain the object, it is provided a signal processor
for stereo sound reproduction, in a vehicle which has a
plurality of speakers and a head unit without power am-
plifier (hereinafter will be referred to as non-powered
head unit) installed therein, for a speaker configuration
including a first speaker provided in the left of a front
central part of the vehicle for feeding a right channel sig-
nal; and a second speaker provided in the right of the
front central part of the vehicle for feeding a left channel
signal, the signal processor comprising: an early reflec-
tion sound processing unit for adding early reflections
on a front left channel signal and a front right channel
signal inputted from the non-powered head unit; an
equalizer for compensating the tone of output signals
from the early reflection sound processing unit accord-
ing to the front speaker configuration in the vehicle and
the vehicle type; and a first volume controller for con-
trolling the volume of output signals from the equalizer,
and distributing the left channel signal as many as the
front speakers for the left side and distributing the right
channel signal as many as the front speakers for the
right side to feed the respective signals to amplifiers for
front speakers.
[0020] In the signal processor for stereo sound repro-
duction according to the twelfth aspect of the invention,
the early reflection processing unit adds 0 to 20 number
of early reflections.
[0021] The signal processor for stereo sound repro-
duction according to the thirteenth aspect of the inven-
tion further comprises a first delay unit for delaying the
left channel signal and the right channel signal inputted
from the non-powered head unit for a certain period of
time to remove the localization of a rear sound image;
a later reverberation processing unit for adding later re-
flections to the output signals of the first delay unit; a
first low-frequency pass filter for passing low frequency
components of the signals reverberated from the later
reverberation processing unit while performing a heavy
damping in frequency bands beyond the range of the
low-frequency components; and a second volume con-
troller for controlling the volume of the output signals
from the first low-frequency pass filter to feed the re-
spective signals to amplifiers for rear speakers.
[0022] In the signal processor for stereo sound repro-
duction according to the fourteenth aspect of the inven-
tion, the first delay unit delays the signals for a time pe-
riod of 0 to 10 milliseconds.
[0023] In the signal processor for stereo sound repro-
duction according to the fifteenth aspect of the invention,
the later reverberation processing unit adds the later re-
verberations for 0 to 3 seconds.
[0024] In the signal processor for stereo sound repro-
duction according to the sixteenth aspect of the inven-
tion, the first low-frequency pass filter passes the low-
frequency components in the range of 80 to 1000Hz
while performing a heavy damping in frequency bands
beyond the low-frequency range.
[0025] The signal processor for stereo sound repro-
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duction according to the seventeenth aspect of the in-
vention further comprises a second delay unit for delay-
ing a combined signal of the left channel signal and the
right channel signal from the non-powered head unit to
remove the localization of the rear sound image; a sec-
ond low-frequency pass filter for passing low-frequency
components of an output signal from the second delay
unit while performing a heavy damping in frequency
bands beyond the range of the low-frequency compo-
nents; and a third volume controller for controlling the
volume of an output signal from the second low-frequen-
cy pass filter to feed the signal to a sub-woofer amplifier.
[0026] In the signal processor for stereo sound repro-
duction according to the eighteenth aspect of the inven-
tion, the second delay unit delays the combined signal
for a time period of 0 to 10 milliseconds.
[0027] In the signal processor for stereo sound repro-
duction according to the nineteenth aspect of the inven-
tion, the second low-frequency pass filter passes low-
frequency components in the range the same as or low-
er than 80Hz while performing a heavy damping in fre-
quency bands beyond the low-frequency range.
[0028] According to the twentieth aspect of the inven-
tion to obtain the object, it is provided a vehicle having
a dashboard installed with a plurality of speakers, com-
prising: a first speaker installed in a central left part of
the dashboard of the vehicle for feeding a right channel
output; and a second speaker installed in a central right
part of the dashboard of the vehicle for feeding a left
channel output.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In the accompanying drawings:

FIG. 1A shows left-right balanced stereo sound lis-
tening region using a stereo speaker set;
FIG. 1B shows left-right unbalanced stereo sound
listening region using a stereo speaker set;
FIG. 2 shows speakers configuration for stereo
sound reproduction using a multi-channel speaker
set of the prior art in a car;
FIG. 3A and FIG. 3B are conceptual views of signal
delay for providing a stereo sound to one person in
a deluxe car of the prior art;
FIG. 4A is a conceptual view for showing the indoor
sound reproduction;
FIG. 4B illustrates a variation of the magnitude of
early reflections and later reverberations on time
axis;
FIG. 5 shows a speaker configuration for vehicle ac-
cording to the first embodiment of the invention;
FIG. 6 shows a speaker configuration for vehicle ac-
cording to the second embodiment of the invention;
FIG. 7 shows a speaker configuration for vehicle ac-
cording to the third embodiment of the invention;
FIG. 8 shows a block diagram of a signal processor
for vehicle according to the fourth embodiment of

the invention;
FIG. 9 shows a block diagram of a signal processor
for vehicle according to the fifth embodiment of the
invention; and
FIG. 10 shows a general view in which a varied ex-
ample of the first embodiment and the fifth embod-
iment of the invention are combined.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0030] FIG. 4A is a conceptual view for showing the
indoor sound reproduction, and FIG. 4B illustrates ear-
lier reflections and later reverberations. In order to ob-
tain reverberation effect the same as can be actually
heard in a hall, front speakers in a front part of a vehicle
are to be applied with the early reflections which are ac-
tually generated from the nearby walls of stage and rear
speakers in a rear part of the vehicle are to be applied
with the later reverberations which are actually gener-
ated from the rearward wall of the hall. Then passengers
in the vehicle can feel the sound as if they are listening
in a hall.
[0031] Hereinafter detailed description will be made
about preferred embodiments of the invention:

First Embodiment

[0032] FIG. 5 shows a speaker configuration for vehi-
cle according to the first embodiment of the invention.
[0033] The first left speaker 21 is installed in a front
left part of a vehicle, the second right speaker 24 is in-
stalled in a front right part of the vehicle. The first left
speaker 21 and the second right speaker 24 are previ-
ously arranged in a vehicle. Here, the first right speaker
22 and the second left speaker 23 are additionally in-
stalled in a front central part of the vehicle at the same
height as the previously arranged speakers such as the
first left speaker 21 and the second right speaker 24.
The first right speaker 22 and the second left speaker
23 are full-range speakers. Also, each of the speakers
21, 22, 23 and 24 is installed with a predetermined ori-
entation, in which the first left speaker 21 and the first
right speaker 22 are oriented toward the left side of rear
seat and the second left speaker 23 and the second right
speaker 24 are oriented toward the right side of rear
seat.
[0034] The first left speaker 21 and the second left
speaker 23 receive a left channel output L which is add-
ed with the earlier reflections, the first right speaker 22
and the second right speaker 24 receive a right channel
output R added with the earlier reflections. Therefore,
each of the passengers receives the right and left stereo
sounds at the same time since a set of the first right
speaker 22 and the second left speaker 23 are installed
in the front central part.
[0035] The first rear speaker 25 and the second rear
speaker 26 are previously arranged in the vehicle, and
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adapted to enhance front stereo stage effect. In the first
embodiment, the first rear speaker 25 and the second
rear speaker 26 are used as woofers. The first rear
speaker 25 is installed behind the left rear seat, and the
second rear speaker 26 is installed behind the right rear
seat. Delay units are used to delay sound signals before
being inputted into the first rear speaker 25 and the sec-
ond rear speaker 26 so that the first and second rear
speakers 25 and 26 output the delayed left and right
stereo signals to prevent side effect that a rear sound
image is localized. Also, the later reverberations are
added and a low-pass filtering and a reverberation
processing are carried out for the output via the first and
second rear speakers 25 and 26. Then, dynamic bass
sound is reproduced to provide the surround feelings as
that can be felt in the theater.
[0036] Therefore, the first embodiment provides a left-
right balanced stereo sound to all of the passengers, i.
e, the first embodiment can overcome the problem
about stereo sound reproduction according to the
speaker arrangement for vehicle of the prior art as in
FIG. 2 and fundamentally solve lack of the stage-like
stereophonic feeling due to the speaker arrangement
and signal processing for vehicle of the prior art.

Second Embodiment

[0037] FIG. 6 shows a speaker configuration for vehi-
cle according to the second embodiment of the inven-
tion.
[0038] The second embodiment is the same as the
first embodiment in the basic concept except for using
a two-way type speaker separated into a high-frequency
speaker and a low-frequency speaker or a coaxial
speaker separated into a high-frequency speaker and a
low-frequency speaker which are manufactured as co-
axially bound. The first low-frequency speaker 31a and
the first left high-frequency speaker 31b are installed in
a front left part of a vehicle, and the second right low-
frequency speaker 34a and the second right high-fre-
quency speaker 34b are installed in a front right part of
the vehicle. The first left low-frequency speaker 31a, the
first left high-frequency speaker 31b, the second right
low-frequency speaker 34a and the second right high-
frequency speaker 34b are previously arranged in the
vehicle. Here, all of the first right low-frequency speaker
32a, the first right high-frequency speaker 32b, the sec-
ond left low-frequency speaker 33a and the second left
high-frequency speaker 33b are additionally installed in
a front central part of the vehicle. The first right low-fre-
quency speaker 32a and the second left low-frequency
speaker 33a are respectively installed at the same
height as some of the previously arranged speakers
such as the first low-frequency speaker 31a and the sec-
ond right frequency speaker 34a, and the first right high-
frequency speaker 32b and the second left high-fre-
quency speaker 33b are respectively installed at the
same height as the other previously arranged speakers

such as the first left high-frequency speaker 31b and the
and the second right high-frequency speaker 34b. The
first right low-frequency speaker 32a and the first right
high-frequency speaker 32b constitute a two-way type
speaker separated into a low-frequency speaker and a
high-frequency speaker or a coaxial speaker separated
into the high-frequency speaker and the lower frequen-
cy speaker manufactured as bound. Also, the second
left low-frequency speaker 33a and the second left high-
frequency speaker 33b compose the two-way type
speaker separated into the low-frequency speaker and
the high-frequency speaker or the coaxial speaker sep-
arated into the high-frequency speaker and the lower
frequency speaker manufactured as bound. Each of the
speakers 31a, 31b, 32a, 32b, 33a, 33b, 34a and 34b is
adopted to have a predetermined orientation, in which
the first left low-frequency speaker 31a, the first left
high-frequency speaker 31b, the first right low-frequen-
cy speaker 32a and the first right high-frequency speak-
er 32b are oriented toward the left side of rear seat, and
the second left low-frequency speaker 33a, the second
left high-frequency speaker 33b, the second right low-
frequency speaker 34a and the second right high-fre-
quency speaker 34b are oriented toward the right side
of rear seat.
[0039] The first left low-frequency speaker 31a, the
first left high-frequency speaker 31b, the second left
low-frequency speaker 33a and the second left high-fre-
quency speaker 33b receive a left channel output L add-
ed with the earlier reflections, whereas the first right low-
frequency speaker 32a, the first right high-frequency
speaker 32b, the second right low-frequency speaker
34a and the second right high-frequency speaker 34b
receive a right channel output R added with the earlier
reflections. Since a set of the first right low-frequency
speaker 32a, the first right high-frequency speaker 32b,
the second left low-frequency speaker 33a and the sec-
ond left high-frequency speaker 33b are installed in the
front central part, each of the passengers receives the
left-right balanced stereo sound at the same time.
[0040] The first rear speaker 35, the second rear
speaker 36 and a sub-woofer 37 are previously ar-
ranged in the vehicle, and adapted to enhance front ster-
eo stage effect. In the second embodiment, the first rear
speaker 35 and the second rear speaker 36 are used
as woofers and the rear speaker 37 are used as the sub-
woofer. The first rear speaker 35 is installed behind the
left rear seat in the vehicle. The second rear speaker 36
is installed behind the right rear seat in the vehicle. The
sub-woofer 37 is installed behind the middle rear seat
in the vehicle.
[0041] Here, sound signals are delayed via delay unit
before being inputted into the first rear speaker 35, the
second rear speaker 36 and the sub-woofer 37 so that
the first rear speaker 35, the second rear speaker 36
and the sub-woofer 37 output the delayed left and right
stereo sound signals to prevent side effect that a rear
sound image is localized.
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[0042] Also, the later reverberations are added and a
low-pass filtering and a reverberation signal processing
are carried out for the outputs to the first and second
rear speakers 35 and 36 and a low-pass filtering carried
out for the output to the sub-woofer 37. Then, dynamic
bass sound is reproduced to provide the surround feel-
ings as can be felt in the theater.
[0043] Therefore, the second embodiment provides a
left-right balanced stereo sound to all of the passengers,
i.e, the second embodiment can overcome the problem
about stereo sound reproduction according to the
speaker arrangement for vehicle of the prior art as in
FIG. 2 and fundamentally solve lack of the stage-like
stereophonic feeling due to the speaker arrangement
and signal processing for vehicle of the prior art.

Third Embodiment

[0044] FIG. 7 shows a speaker arrangement for vehi-
cle according to the third embodiment of the invention.
[0045] The third embodiment is the same as the sec-
ond embodiment in the basic concept except for that on-
ly high-frequency speakers or tweeters 42 and 43 are
used in a front central part of a vehicle on the basis that
the human being uses a high-frequency band for finding
an direction of sound. The first low-frequency speaker
41a and the first high-frequency speaker 41b are in-
stalled in a front left part of the vehicle, and the second
right low-frequency speaker 44a and the second right
high-frequency speaker 44b are installed in a front right
part of the vehicle. The first left low-frequency speaker
41a, the first left high-frequency speaker 41b, the sec-
ond right low-frequency speaker 44a and the second
right high-frequency speaker 44b are previously ar-
ranged in the vehicle. Here, the first right tweeter 42 and
the second left tweeter 43 are additionally installed in
the front central part, and at the same height as the pre-
viously arranged speakers such as the first left high-fre-
quency speaker 41b and the second right high-frequen-
cy speaker 44b. Both of the first right tweeter 42 and the
second left tweeter 43 are high-frequency speakers for
enhancing the orientation. Each of the speakers 41a,
41b, 42, 43, 44a and 44b is installed to have a prede-
termined orientation, in which the first left low-frequency
speaker 41a and the first left high-frequency speaker
41b are oriented toward the left side of rear seat, and
the first right tweeter 42 is oriented toward the left side
of front seat, and the second left tweeter 43 is oriented
toward the right side of front seat, and the second low-
frequency speaker 44a and the second right high-fre-
quency speaker 44b are oriented toward the right side
of rear seat.
[0046] The first left low-frequency speaker 41a, the
first left high-frequency speaker 41b and the second left
tweeter 43 receive a left channel output added with the
earlier reflections, whereas the first right tweeter 42, the
second right low-frequency speaker 44a and the second
right high-frequency speaker 44b receive a right chan-

nel output R added with the earlier reflections. Since a
set of the first right tweeter 42 and the second left tweet-
er 43 are installed in the front central part, each of the
passengers receives the left-right balanced stereo
sound at the same time.
[0047] The first rear speaker 45 and the second rear
speaker 46 are previously arranged in the vehicle, and
adopted to enhance front stereo stage effect. In the third
embodiment, the first rear speaker 45 and the second
rear speaker 46 are used as woofers. The first rear
speaker 45 is installed behind the left rear seat in the
vehicle. The second rear speaker 46 is installed behind
the right rear seat in the vehicle. Sound signals are de-
layed via delay unit before being inputted into the first
rear speaker 45 and the second rear speaker 46 so that
the first and second rear speakers 45 and 46 output the
delayed left and right stereo signals to prevent side ef-
fect that a rear sound image is localized.
[0048] Also, the later reverberations are added and a
low-pass filtering and a reverberation signal processing
are carried out for the outputs to the first and second
rear speakers 45 and 46, and a low-pass filtering carried
out for the output to the sub-woofer 37. Then, dynamic
bass sound is reproduced to provide the surround feel-
ings as can be felt in the theater.
[0049] Therefore, the third embodiment provides a
left-right balanced stereo sound to all of the passengers,
i.e, the third embodiment can overcome the problem
about stereo sound reproduction according to the
speaker arrangement for vehicle of the prior art as in
FIG. 2 and fundamentally solve lack of the stage-like
stereophonic feeling due to the speaker arrangement
and signal processing for vehicle of the prior art.

Fourth Embodiment

[0050] FIG. 8 shows a block diagram of a signal proc-
essor for vehicle according to the fourth embodiment of
the invention.
[0051] The fourth embodiment is about the signal
processor for providing a balanced stereo sound to all
of the passengers. The signal processor is made of a
passive device which receives, as an input, a large out-
put signal amplified in an amplifier of a powered head
unit. An equalizer 51 respectively receives a front left
channel output LF and a front right channel output RF
of the powered head unit to compensate the frequency
characteristics according to the configuration of front
speakers and vehicle type. The compensated outputs
are fed to the front speakers after being separated into
a left channel output LL of left side passenger, a right
channel output LR of left side passenger, a left channel
output RL of right side passenger and a right channel
output RR of right side passenger. Here, the left channel
output LL of left side passenger and the left channel out-
put RL of right side passenger are the same ones, and
the right channel output LR of left side passenger and
the right channel output RR of right side passenger are
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the same ones.
[0052] A low-frequency pass filter 53 respectively re-
ceives a rear left output LB and a rear right output RB
of the powered head unit, and then passes low-frequen-
cy components in the range of 80 to 1000Hz while per-
forming a heavy damping in frequency bands beyond
the low-frequency range to reproduce dynamic bass
sound. The outputs compensated like this are volume
controlled in the second volume controller 54, and fed
to rear speakers respectively.

Fifth Embodiment

[0053] FIG. 9 shows a block diagram of a signal proc-
essor for vehicle according to the fifth embodiment of
the invention.
[0054] The fifth embodiment is about the signal proc-
essor for vehicle for providing a left-right balanced ster-
eo sound to all of the passengers. The signal processor
is made of an active device for receiving a signal of a
non-powered head unit. In order to compensate the in-
door sound environment of a vehicle, an earlier reflec-
tion processing unit 61 receives a left channel signal L
and a right channel signal R and processes the signals
to add 0 to 20 number of earlier reflections. Description
about the earlier reflections and the later reverberation
will be omitted in this embodiment since they were ex-
plained in reference to FIG. 4A and Fig 4B. The equal-
izer 62 respectively receives the left channel signal and
the right channel signal, which are processed with the
earlier reflections, and compensates the tone according
to the configuration of front speakers and the vehicle
type. The signals compensated like this are volume con-
trolled, and fed to a front amplifier 71 after being sepa-
rated into a left channel signal LL of left side passenger,
a right channel signal LR of left side passenger, a left
channel signal RL of right side passenger and a right
channel signal RR of right side passenger. Here, the left
channel signal LL of left side passenger and the left
channel signal RL of right side passenger are the same
signals, and the left channel signal RL of right side pas-
senger and the right channel signal RR of right side pas-
senger are the same signals.
[0055] The first delay unit 64 respectively receives the
left channel signal L and the right channel signal R, and
delays the signals for 0 to 10milliseconds to remove the
localization of the rear sound image. A later reverbera-
tion processing unit 65 receives the delayed signals,
and reverberates by adding later reverberations for 0 to
3 seconds to provide the surround sound which can be
felt in the theater. The first low-frequency pass filter 66
respectively receives the reverberated left and right sig-
nals, and passes low-frequency components in the
range of 80 to 1000Hz while performing a heavy damp-
ing in frequency bands beyond the low-frequency range
to reproduce dynamic bass sound. The signals compen-
sated like this are volume controlled in the second vol-
ume controller 67 and fed to a rear amplifier 72 after

being separated into a rear left channel signal BL and a
rear right channel signal BR. The second delay unit 68
receives a mono signal which is a combined signal of
the left channel signal L and the right channel signal R,
and delays the signal for a certain period of time ranging
0 to 10milliseconds to remove the localization of the rear
sound image. The second low-frequency pass filter 69
receives an output signal of the second delay unit 68,
and passes low-frequency components in the range of
the same as or lower than 80Hz while performing a
heavy damping in frequency bands beyond this range.
Then, low-frequency is passed and high-frequency is
damped for dynamic sub-woofer reproduction. The sig-
nal which is low-frequency processed like this is volume
controlled in the third volume controller 70, and then fed
to a sub-woofer amplifier 73.
[0056] FIG. 10 shows a general view in which a varied
example of the first embodiment and the fifth embodi-
ment of the invention are combined.
[0057] Referring to FIG. 10, the varied first embodi-
ment with a woofer being installed thereto is combined
with the fifth embodiment. Description of each block has
already made above, so explanation thereof will be omit-
ted. As shown in FIG. 10, one of the first embodiment,
the second embodiment, the third embodiment and a
preferable variation thereof can be arbitrarily combined
with one of the fourth embodiment, the fifth embodiment
and a preferable variation thereof to constitute a stereo
sound reproduction system for the whole vehicle.
[0058] Also, while it has been omitted in the drawings,
the front speakers in the first, second and third embod-
iments can be provided as integrally mounted to a dash-
board which will be installed in the vehicle later. Here,
the first speaker is installed in a central left part of the
dashboard to receive a right channel output, and the
second speaker is installed in a central right part of the
dashboard to receive a left channel output.
[0059] The present invention can provide all of the
passengers with the balanced stereo sound which has
not been able to be obtained in the vehicle of the prior
art, in which the set of additional speakers are mounted
while making the best of the previously arranged speak-
ers to enable easy installation with low cost. For exam-
ple, the fourth embodiment utilizes the head unit and the
previously arranged speakers so that the embodiment
can be performed with minimum cost and effort. The sig-
nal processor of the fourth or fifth embodiment can be
installed into the head unit if designed as a single chip
or module. If the speaker configuration proposed in the
invention is applied at a designing stage of vehicle, a
vehicle can be manufactured which provides the left-
right balanced stereo sound for all passengers. Accord-
ing to the invention, the left and right speakers are
placed at the same distance from each of the passen-
gers to provide a correct stereo sound stage.
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Claims

1. A speaker configuration for stereo sound reproduc-
tion in a vehicle which has a plurality of speakers
installed therein, said speaker configuration com-
prising:

a first speaker provided in the left of a front cen-
tral part of the vehicle for receiving a right chan-
nel output; and
a second speaker provided in the right of the
front central part of the vehicle for receiving a
left channel output.

2. A speaker configuration for stereo sound reproduc-
tion according to claim 1, wherein said first speaker
and said second speaker are arranged at the height
within ±50cm from the hight of the speakers previ-
ously installed in the vehicle.

3. A speaker configuration for stereo sound reproduc-
tion according to claim 1 or 2, wherein each of said
first and second speakers is a full-range speaker for
reproducing both of low-frequency and high-fre-
quency sounds.

4. A speaker configuration for stereo sound reproduc-
tion according to claim 1 or 2, wherein each of said
first and second speakers is a two-way speaker
which is separated into a low-frequency speaker
and a high-frequency speaker.

5. A speaker configuration for stereo sound reproduc-
tion according to claim 1 or 2, wherein each of said
first and second speakers is a coaxial speaker
which is separated into a low-frequency speaker
and a high-frequency speaker which are coaxially
bound.

6. A speaker configuration for stereo sound reproduc-
tion according to claim 1 or 2, wherein each of said
first and second speakers is a high-frequency
speaker (tweeter).

7. A speaker configuration for stereo sound reproduc-
tion according to claim 6, wherein said first speaker
is oriented toward a left front seat in the vehicle, and
said second speaker is oriented toward a right front
seat in the vehicle.

8. A signal processor for stereo sound reproduction,
in a vehicle which has a plurality of speakers and a
powered head unit installed therein, in use for a
speaker configuration including a first speaker pro-
vided in the left of a front central part of the vehicle
for receiving a right channel output and a second
speaker provided in the right of the front central part
of the vehicle for receiving a left channel output,

said signal processor comprising:

an equalizer for compensating the frequency
characteristics of a front left channel output and
a front right channel output inputted from the
powered head unit according to the front speak-
er configuration in the vehicle and the vehicle
type and distributing the left channel outputs as
many as the front speakers for the left side and
distributing the right channel outputs as many
as the front speakers for the right side.

9. A signal processor for stereo sound reproduction for
a vehicle according to claim 8, further comprising:

a low-frequency pass filter for passing low-fre-
quency components of a rear left channel out-
put and a rear right channel output inputted
from the powered head unit while performing a
heavy damping in frequency bands beyond the
range of the low-frequency components.

10. A signal processor for stereo sound reproduction for
a vehicle according to claim 9, wherein said low-
frequency pass filter passes low-frequency compo-
nents in the range of 80 to 1000Hz while performing
a heavy damping in frequency bands beyond the
low-frequency range.

11. A signal processor for stereo sound reproduction,
in a vehicle which has a plurality of speakers and a
non-powered head unit installed therein, for a
speaker configuration including a first speaker pro-
vided in the left of a front central part of the vehicle
for receiving a right channel signal; and a second
speaker provided in the right of the front central part
of the vehicle for receiving a left channel signal, said
signal processor comprising:

an earlier reflection processing unit for adding
earlier reflections to a left channel signal and a
right channel signal inputted from the non-pow-
ered head unit;
an equalizer for compensating the tone of out-
put signals from said earlier reflection process-
ing unit according to the front speaker arrange-
ment in the vehicle and the vehicle type; and
a first volume controller for controlling the vol-
ume of output signals from said tone compen-
sating unit, and distributing the left channel sig-
nal as many as the front speakers for the left
side and distributing the right channel signal as
many as the front speakers for the right side to
output respective signals to amplifiers for front
speakers.

12. A signal processor for stereo sound reproduction for
a vehicle according to claim 11, wherein said earlier
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reflection processing unit adds 0 to 20 number of
earlier reflections.

13. A signal processor for stereo sound reproduction for
vehicle according to claim 11 or 12, further compris-
ing:

a first delay unit for delaying the left channel
signal and the right channel signal inputted
from the non-powered head unit for a certain
period of time to remove the localization of a
rear sound image;
a later reverberation processing unit for adding
later reverberations to the output signals of the
first delay unit;
a first low-frequency pass filter for passing low
frequency components of the signals reverber-
ated from the later reverberation processing
unit while performing a heavy damping in fre-
quency bands beyond the range of the low-fre-
quency components; and
a second volume controller for controlling the
volume of the output signals from said first low-
frequency pass filter to output the controlled
signals to amplifiers for rear speakers.

14. A signal processor for stereo sound reproduction for
a vehicle according to claim 13, wherein said first
delay unit delays the signals for a time period of 0
to 10 milliseconds.

15. A signal processor for stereo sound reproduction for
vehicle according to claim 13 or 14, wherein said
later reverberation processing unit adds the later re-
verberations for 0 to 3 seconds.

16. A signal processor for stereo sound reproduction for
a vehicle according to claim 13 or 15, wherein said
first low-frequency pass filter passes the low-fre-
quency components in the range of 80 to 1000Hz
while performing a heavy damping in frequency
bands beyond the low-frequency range.

17. A signal processor for stereo sound reproduction for
a vehicle according to claim 16, further comprising:

a second delay unit for delaying a combined
signal of the left channel signal and the right
channel signal from the non-powered head unit
to remove the localization of the rear sound im-
age;
a second low-frequency pass filter for passing
low-frequency components of an output signal
from said second delay unit while performing a
heavy damping in frequency bands beyond the
range of the low-frequency components; and
a third volume controller for controlling the vol-
ume of an output signal from said second low-

frequency pass filter to feed the signal to a sub-
woofer amplifier.

18. A signal processor for stereo sound reproduction for
a vehicle according to claim 17, wherein said sec-
ond delay unit delays the combined signal for a time
period of 0 to 10 milliseconds.

19. A signal processor for stereo sound reproduction for
a vehicle according to claim 17 or 18, wherein said
second low-frequency pass filter passes low-fre-
quency components in the range equal to or lower
than 80Hz while performing a heavy damping in fre-
quency bands beyond the low-frequency range.

20. A vehicle having a dashboard installed with a plu-
rality of speakers, comprising:

a first speaker installed in a central left part of
the dashboard of the vehicle for receiving a
right channel output; and
a second speaker installed in a central right part
of the dashboard of the vehicle for receiving a
left channel output.
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